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============

Open angle glaucoma is known as 'silent thief of eyesight' and early diagnosis is of paramount importance in preventing blindness related to this disease. Pseudo exfoliation (PXF) syndrome is one of the commonest cause of secondary open angle glaucoma accounting for 20-25% of all open angle glaucomas worldwide.[@ref1]-[@ref3] Prevalence of PXF increases markedly with age and has considerable racial variations with reported incidence between 4.48% to 6.45% in Pakistani population.[@ref4],[@ref5] Apart from elevated intraocular pressure (IOP), various pressure independent factors represent the main risk factors for loss of retinal nerve fiber layer (RNFL) with subsequent glaucomatous damage in PXF syndrome. These factors include impaired ocular and retro bulbar perfusion, abnormalities of elastic tissues of lamina cribrosa, increased protein concentration of aqueous humour, 1pronounced melanin deposition and exfoliation material itself.[@ref1]-[@ref3],[@ref6]

In glaucoma structural damage of optic nerve head and RNFL may precede functional loss and it is estimated that between 30-50% of retinal ganglion cells may be lost before detectable changes in visual fields are evident.[@ref7]-[@ref9] SD-OCT is a rapidly evolving robust technology that provides high resolution, quantitative and reproducible measurements of RNFL and retinal ganglion cell complex having high sensitivity and specificity for differentiating normal eyes from patients with early glaucoma.[@ref7],[@ref9] PXF without glaucoma is associated with thin RNFL compared to age matched healthy controls. Sorkhabi et al found significantly thinner average RNFL in PXF group than control (94.36 ± 8.70 µm vs 100.80 ± 6.68 µm) (p= 0.002).[@ref3] Another study revealed significantly thinner RNFL in PXF group (86.52 ± 19.7 µm) compared to healthy eyes (99.21±20.21 µm) in all quadrants (p \< 0.05) except the nasal quadrant (p \> 0.1).[@ref2] Fatima et al found average RNFL thickness being 30% less in glaucomatous eyes as compared to normal eyes in Pakistani population.[@ref10] However, no local data was found on estimation of RNFL thickness in patients with PXF without glaucoma. The objective of this study was to compare mean RNFL thickness in patients having PXF syndrome with normal age matched controls using SD-OCT.

METHODS {#sec1-2}
=======

This case control study was conducted at Armed Forces Institute of Ophthalmology (AFIO) Rawalpindi from 12 June 2013 to 12 January 2014 after approval of hospital ethics committee. Non probability consecutive sampling technique was used and calculated sample size was 31 in each group keeping level of significance as 5, power of test as 90, population mean as 94.36, control mean as 100.8 and population SD as 8.7.[@ref3] The study was conducted in accordance with the ethical considerations given in Helsinki declaration and written informed consent was obtained before examination. Seventy eyes were divided into two groups of 35 subjects each. In group A subjects of age more than 40 years with PXF and normal IOP (\< 21 mm Hg), normal optic disc appearance (cup: disc ratio ≤ 0.3) and normal visual fields were included. Group B included normal subjects of more than 40 years of age with no evidence of ocular pathologies and normal IOP at three different successive measurements. In control group one eye was selected randomly for analysis. Subjects with refractive error \> ± 5 diopters, previous intraocular surgery, trauma or laser treatment, media opacities interfering with visualization and OCT image capturing, retinal pathology, family history of glaucoma and history of diabetes mellitus or hypertension were excluded.

Complete history and comprehensive ophthalmic examination was carried out in each subject. IOP was checked with Goldmann applanation tonometer between 0900-1200 hrs to eliminate the effect of diurnal variation. Humphrey (central 30-2) visual field examination was performed in each subject. RNFL thickness was measured with SD- OCT machine (Topcon 3D OCT-1000 Mark II) and circular OCT tomograms were acquired around the optic disc at diameter of 3.4 mm. RNFL thickness was presented on a circular chart with 4 equal 90° hour sectors each representing 1 quadrant displaying RNFL thickness (micrometers) within each sector. All the data was entered on a pre devised data collection proforma.

Statistical analysis of the data was done using SPSS version 14.0. All the data were tested for normality before analysis. Descriptive statistics i.e. means ± standard deviation (SD) for quantitative variables (age, RNFL thickness, IOP) and frequencies and percentages for qualitative variables (gender) were used. Fischer exact test was used for analysis of qualitative variables between groups. Independent sample t-test was applied to compare the mean difference of RNFL thickness between Group A and Group B. A p value of ≤ 0.05 was considered significant.

RESULTS {#sec1-3}
=======

Mean age of study population in group A was 65.63 ± 8.47 years (range: 48 -- 85 years) and group B was 64.31± 6.51years (range: 45 -- 75 years) respectively (p = 0.470) with majority of patients in both groups were in their 7^th^ decade of life ([Fig.1](#F1){ref-type="fig"}). Both groups showed male preponderance, but were similar in terms of IOP ([Table-I](#T1){ref-type="table"}). Mean of average peripapillary RNFL thickness was 77.46 ± 12.17 µm (range: 52-103 µm), whereas, mean peripapillary RNFL thickness of superior, inferior, temporal and nasal quadrant was 96.17 ± 18.58 µm (range: 52-146 µm), 88.43 ± 20.36 µm (range: 45 -132 µm), 63.46 ± 10.91 µm (range: 49 - 89 µm) and 61.77 ± 14.34 µm (range: 42 -103 µm) respectively in group A. In group B, mean of average peripapillary RNFL thickness was 83.96 ± 10.58 µm (range: 61-103 µm), whereas, mean peripapillary RNFL thickness of superior, inferior, temporal and nasal quadrant was 103.31 ± 12.36 µm (range: 80-127 µm), 100.46 ± 19.64 µm (range: 55 -128 µm), 68.40 ± 12.36 µm (range: 49 - 95 µm) and 63.66 ± 10.58 µm (range: 40 -103 µm) respectively. Statistically significant differences were detected between two groups for mean average RNFL thickness (p= 0.020) and mean RNFL thickness in inferior quadrant (p=0.014) ([Table-II](#T2){ref-type="table"}).
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###### 

Group wise demographic data (n=70).

  Characteristic          PXF (Group A) (n=35)   Control (Group B) (n=35)   p Value
  ----------------------- ---------------------- -------------------------- ---------
  Age (Years) Mean ± SD   65.63 ± 8.47           64.31± 6.51                0.470
  Gender (Male/Female)    33 / 2                 31 / 4                     0.673
  IOP (mm Hg) Mean ± SD   13.80 ± 2.59           13.49 ± 2.07               0.578

###### 

Group wise distribution of peripapillary RNFL thickness.

  Quadrant                  PXF (Group A) (n=35)   95 % CI           Control (Group B) (n=35)   95 % CI           p Value
  ------------------------- ---------------------- ----------------- -------------------------- ----------------- ---------
  Average (µm) Mean ± SD    77.46 ± 12.17          73.28 -- 81.64    83.96 ± 10.58              80.32 -- 87.59    0.020
  Superior (µm) Mean ± SD   96.17± 18.58           89.79 -- 102.55   103.31 ± 12.36             99.07 -- 107.56   0.063
  Inferior (µm) Mean ± SD   88.43 ± 20.36          81.43 -- 95.42    100.46 ± 19.64             93.71 -- 107.20   0.014
  Nasal (µm) Mean ± SD      61.77 ± 14.34          56.84 -- 66.70    63.66 ± 13.73              58.94 -- 68.37    0.576
  Temporal (µm) Mean ± SD   63.46 ± 10.91          59.71 -- 67.21    68.40 ± 12.36              64.15 -- 72.65    0.081

DISCUSSION {#sec1-4}
==========

PXF syndrome is a complex systemic disorder of the extracellular matrix primarily affecting the eye and visceral organs characterized by the deposition of fibrillar material on all anterior segment structures. It is one of the commonest causes of secondary open angle glaucoma and in the Blue Mountains Eye study, patients with PEX in either eye have a two to threefold higher risk of open angle glaucoma.[@ref11],[@ref12] Although blindness is the most feared outcome, there is growing evidence that even mild visual field loss may have an adverse effect on quality of life. Perimetry which was considered the gold standard for diagnosing glaucoma may not detect visual field defects until substantial numbers of axons are already lost. OCT has a well known role in diagnosing pre perimetric glaucoma. Recently Lisboa et al evaluated the ability of SD OCT to detect pre perimetric glaucoma. The study found that SD OCT was able to discriminate eyes with pre perimetric glaucoma from those with suspected glaucoma.[@ref13]

Prevalence of PXF increases markedly with age.[@ref5] In our study 94.3% patients in PXF group were males with mean age of 65.63 ± 8.47 years. A male preponderance between 53.3 -- 60% with mean ages between 56.2 -- 73.9 years was reported in various other studies.[@ref1],[@ref2],[@ref6] Studies on Pakistani population with PXF syndrome also reported male preponderance with ages ranging from 50 - 82 years and mean ages being higher in PXF population as compared to normal controls.[@ref4],[@ref5]

Our study revealed significantly thinner mean average peripapillary RNFL thickness (77.46 µm vs. 83.96 µm) and mean RNFL thickness in inferior quadrant (88.43 µm vs. 100.46 µm) in patients having PXF with normal IOP as compared with age matched healthy adults using SD OCT. Yuksel et al compared patients in three groups i.e. unilateral PXF, their fellow eyes and age matched healthy controls. They found that RNFL in patients with PXS were significantly thinner than controls in all quadrants except the nasal quadrant and no significant difference was found in fellow eyes compared with controls except the temporal quadrant.[@ref14] Moreover they found significantly lower RNFL thickness in the inferior quadrant in PXF eyes compared to non PXF eyes that was similar to our results.[@ref14] Ozmen et al also reported significantly thinner average and inferior quadrant RNFL in PXF group as compared to control group.[@ref1]

Most of the work done on measurement of RNFL thickness in PXF syndrome without glaucoma using different OCT machines revealed thinner mean global peripapillary RNFL in eyes with PXF as compared to control group with some variations in quadrantic measurements that may be attributed to variation in age, sample size, ethnicity and type of OCT machine used.[@ref2],[@ref3],[@ref6],[@ref12] Ozge et al in their study compared RNFL thickness in eyes with PXF glaucoma, PXF syndrome and healthy controls.[@ref15] They found out that RNFL thickness in all quadrants and average thickness was significantly low in PXF glaucoma eyes as compared to other groups, but RNFL thickness comparison between PXF syndrome and healthy control eyes did not show a significant difference except in infero temporal quadrant.[@ref15] Another interesting study by Rao et al evaluated clinical findings and peripapillary RNFL thickness in patients with unilateral and bilateral PXF syndrome and found out that bilateral cases with PXF were older (p \< 0.01) and had thinner RNFL (p = 0.04) than unilateral cases.[@ref16]

Although, results of our study corresponds with the results of international studies, some variation in absolute values was found that may be attributed to variation in age, ethnicity, gender distribution, machine used and normative data. Reported mean RNFL thickness of normal Pakistani population in various local studies was 94.46 µm, 99.02 µm and 102.38 µm using Topcon 3D Mark II-1000, Spectralis Heidelberg and Stratus OCT respectively.[@ref7],[@ref10],[@ref17] RNFL thickness values in our study were found to be lower than these values both in control and PXF group. Our study gives some insight into diagnosing pre perimetric glaucoma using OCT as PXF patients with normal IOP and visual fields were tested and found to be having thin RNFL than age matched adults.

Our study was conducted at a tertiary care hospital; hence the results cannot be implemented on general population. Furthermore as glaucoma is a progressive disease resulting in progressive loss of nerve tissue with optic nerve head and visual field changes, testing at a single point in time cannot be conclusive. More population based prospective studies in our setup evaluating the changes over time need to be conducted.

CONCLUSION {#sec1-5}
==========

PXF patients with normal IOP and visual fields have thin RNFL as compared to healthy age matched controls. Therefore routine assessment and follow up of PXF patients with OCT may help in early diagnosis of PXF glaucoma.
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